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* AUTHORS: Leyteyzen, L. G. » Berkovskiy, A. G, , Breydo, I. Ya. , Glukhovs-
koy, B. M. , Korol'kova, U. 3. y Tarasova, Ye. I.

TITLE: New Industrial Types of Photoelectron Multipliers (Novyye promysh-
lennyye tipy fotoelektronnykh umnozhiteley)

PERIODICAL: Izvestiya AN SSSR, Seriys Fizicheskaya, 1957, Vol. 21, Nr 12,
pp. 1653 - 1659 (USSR)

ABSTRACT: At present the production and delivery of some new rhotoeleotron-
-multipliers (FEY) worked out by the authors were begun on an in-
dustrial scale. They are shortly described here. 1.) The production
of the special multiplier for the scintillation-svectrometers
&Y -29 was recently begun. It has a good amplitude-dissolving
power which is guaranteed by the comparatively high sensitivity of
the cathodes of the devica, The integral sensitivity is higher
than 30/1. A 1n™", on the average 40 - 45;1 A 1m"1, the "blue" one
is higher than 6 m A m1-? which corresponds to s quantun discharge
of more than 9 $'at A AJ 4000 X. Besides the electron-optics
at the entrance of the multiplier guarantees g good taking over

itude of the noise, mea~

=g

mum losses in the first cascades. The am%)%
f—> NaJ(T1) on the 50

Card 1/4 sured in relation to the photopeak of Csg
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" New Industrial Types of Photoelectron Hultipliers

impulse 330'1-1eva1, i3 not higher than 5 ¢ 8 keV. The light-cha-
racterigtic ig linear up to the amplitude of the initigl impulse =
=7 -8Yat g load of about 50 k and a parasitic capacity of
< 10pF, with the method of operation given in the pass filter
of the device. The most important oreration-parameter of any FEV igs
the stability, Most of the SY -29 under the usual conditions
in the gamna-spoctrometers work suffic iently staie. Experiments
with dynodes of different alloys are now made for improving the
stability, At the same time thqinfluence of technological factors
and the construction of dynodes upon the stability of the FEV isg
also experimentally investigated,

2.)FEV with enlarged cathode, According to the Preliminary data
these multipliers have the following average static Parameters:
integral sensitivity of the cathode 35 - 40 u 4 Im™7, the "hluen
Sensitivity - Tm A 1n-1, Auplification about (2 4 5).100 at full
voltage of 1400 - 1500 V. At much higher voltages it can attain
10/, The density of tie heat flow frop the cathode on the averace
amounts to 5,10~13 gop-2,

) "Time"-FEY, Beside the "generalt parameters the minimum scat.
tering according to the time of passage of the "electron-purcel"

Card 2/4 initial impulse is also demanded of it, After the modelling of many
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Plier 8yatem with 8Tid yieldeq & quantity of 4,4.10~10 sec (at a
voltage of 100 V/oascade) which ig 3«4 timegs less thap in the
multipller-system H4646 (reference 3).

~range of 5500 to 8000 £ is given by the bismuth-silver-cesium ca-
thodes. The experimentg] Samples of Multiplieryg With guch cathodeg
&re produced ip two gizeg, that of the @3\}/ =29 and in g Smaller
8ize. The Dultiplierg have 11 Cca’cadgg, Their integral sensitivity
of the cathodes op the average ig 45 - 50@ A Ip-1, The amplificg.
tion ig of the order of hagnitude 105 _ 0° at g full Supply-vol-
tage of 1400 - 1600 v, The Smaller multipliep is distinguished by
g .

«) The miniature-FEV. At present a construction was worked out
for an eight-cascade-miniature-multiplie1" @ By whose outgigg
diameter is greater than 22,5 mm ang who se height ;g 65 nmm without
beg. The flat, semi-tre.nsparent cathode of antimony-cesium has 5

Card 3/4 working diametep of 18 mm, Itg Sensitivity jig below 25 B A 1n-1,

30002-1"
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AUTHORS: Berkovskiy, A.G. and Leyteyzen, L.Gf 09-~3-15/33
TITIE: A Miniature Photo-electron Multiplier with a Bulky Cathode

(Miniatyurnyy fotoelektronnyy umnozhitel' s massivnym
katodomg :

- PERIODICAL:  Radiotekhnika i Blektronika, 1958, Vol.III, No.3,
pPP. 421-427 (USSR).

ABSTRACT:  The multiplier is fitted with an antimony-caesium cathode,
which is suitable for the operation with light beams ha
a diameter of about 2 mm. The emitters are also Sb-Cs-coated
and are constructed in the shape of a box (see Fig.2a). There
are 7 emitters and a special anode which is in the form of a
grid, parallel to the surface of the last emitter (see Fig.2b).
Dimensions of the multiplier are 58 mm in height and 22 mm in
diameter. Overall sensiti¥ity of the multiplier } was measured
at a light flux of 3 x 10~7 Im and the sensitivity of the
cathodes was investigated at 3 x 10-5 Im, the diameter of the
light beam being 2.15 mm in each case. Results of the measure-
ments on 20 laboratory samples of the photo-multiplier are
shown in Table 1 on P.423. It was found that the average
cathode sensitivity was 28 HA/Im, This was thought to be
- satisfactory for most practical applications.,. The average
Cardl/3 amplification of the photo multipliers was lO5 at the overall
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109-3-15/23
A Miniature Photo-electron Multiplier with a Bulky Cathode .

supply voltage of 900 V; the voltage per stage was thus 113 V
and the amplification 5.2. If the overall voltage was 800 V,
a total amplification was 5 x 107. Voltage current character-
istics of the multipliers were also measured and two typical
curves are shown in Fig.4; Curve M represents the overall
amplification as a function of the inter-stage voltage, while
Curve IT represents the dark current as a function of the

voltage. HNoise and threshold sensitivity of the 20 samples
were also measured and the results are reported in Tgble 2 on
p.424; the threshold sensitivity, as a function of the voltage
per stage, is shown in Fig.5. Anode characteristics of the
multipliers for two different valus of the output current are
given in Fig.6. The construction of the multiplier is such
that the anode current is dependent on the position of the
light spot on the surface of the cathode. It was of interest,
therefore, to investigate this effect. A beam having a diameter
of 1.05 mm was used for the purpose and the sensitivity curves
obtained by this means are shown in Fig.7. It is seen that
the edge portions of the cathode have the highest sensitivity.
This effect is thought to be due to the presence of two angles
CardB/?t the edges of the cathode. This was confirmed by the fact
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4 Miniature Photo-electron Multiplier with a Bulky Cathode

o ’ that, if an additional angle (threshold) wzs placed in the

' middle of -the cathode, the sensitivity had an additional
maximum in the centre of the cathode. On the basis of Figs.

. 7 and 8, it is concluded that the reason for the increased
sensitivity of the cathode in the regions close to the angles
is the focusing of the photo-electrons on to that porticn of
the first emitter which directs the highest possible number
of the electrons on to the second emitter.
There are 9 figures, 2 tables and 5 references, 2 of which
are Russian, 2 English and 1 German.

SUBMITTED: January 1Q, 1957

AVAILABIE: Library of Congress
vard 3/3% ‘
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+TITHOR :

TITLE;

PERIODICAL:

ABSTRACT:

Card 1/2

Berkovskiy, A. G. 85-4-5-10/26

A New Photomultiplier for Scintillation Countexrs (Novyy

fotoelektronnyy umnozhitel' dlya stsintillyatsionnykh
schetchikov)

Atomnaya Energiya, 19%8, Vol 4, Nr 5,
pp. 466 - 468 (USSR)

In the diode system of the Soviet multiplier ‘mg bent

grid is mounted in front of each diode which serves as an
additional accelerating electrode. The new nultiplier type is

[ .
given the trade nark’mv.‘.,gg}. The accelerating grids decrease
the difference of the time of the flight of the secondary
electrons between the diodes which is conditioned by the
different initial velocities of the electrons. At the sametire the
nultiplier can take higher current loads. The grids which are
pPlaced in front of the i-th diode are connected with the
(i + 2)-th diode.

The diodes have a semicircular bow which ends in two straizht
pieces. The grid consista o” . ~traisht parts which form an

APPROVED FOR RELEASE: 06/08/2000 CIA-RDP86-00513R000204930002-1"




"APPROVED FOR RELEASE: 06/08/2000 CIA-RDP86-00513R00020902-1

89-4-5-10/26
A New Photomultiplier for Scintillation Counters

obtuse angle.

Such a multiplier which consists of 13 antinony-caesium diodes
Teaches an amplification of 108 at a totol voltaze of from
2500 to 3000 volts. The dependence of the amplification
coefficient and of the dark conduction on the feeding voltage
was measured and is repregented graphically., There are 3 fi-
gures and. 4 references, 2 of which are Soviet.

SUBHMITTED: August 27, 1957

AVAILABLE: Library of Congress

1; Scintillation comters~—Equipmwent 2, Electrom multipliers
--Applications

Card 2/2
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AUTHORS: Leyteyzen, 1, ¢,, Berkovokiy, A, Gy 48-22. 5.5 /22
' Glukhovskoy, B, Ho‘;—norol’kova,‘. 0.5., Tarasova, Yo, z.

TITLE: On Some Characteristics of New Industria] Typee of the w7
(Data From the VIIIth All-Unton Confsrence on Cathode Eiscirorica
Leningrad, October 17-24. 1957)(0 nekotorykh kharskseristikaxy
novykh Promyshlennykh tipoy ;"E*J(Materialy VIIT Vsesoyuznogo
soveshchaniya‘po katodnoy elektronlke,Leningrad, 17-24 okvys-
brya 1957 g,))

PERIOLICAL: Izvestiya Akademii Nauk SSSR;Seriya Fizicheskayah 1954
Vol. 22, Nr 5, pp, 513-517 (UssR)

ABSTRACT; In the years from 1 958~1957 several iypes of multistags photo-
electronto mnltipliera(fotoelektronhyy umnezhitel! = FRU ) weare
worked _out'and,brought t0 the market, They find appl..ation in
various fieldg of physisal r9search. In thig baper same data
on this are given: g The main particularities of the new Imyy
types; They are given for the following typess a) 13 .gieng mal-
tiplier of the Yype FEU -29, b) multiplier of the typs Frn 04,
8) and b) are useg Ain scintillstion counters and spectiomaters.
¢) multiplier typr FEU -33 Bserves for the investigai.on af Pro-
cesses whigh are separated by extremely narroyw ibterwaiz (1p-9.

Card 1/2 tomt2 seconde). d) The domain of application of the mulsiplier

- 204930002-1"
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On Sope Characteristics of New Industry,y Types of the pry 48-22.-5.5 /25
Data Frop the VIIIth All.Unjop Confarence on Cathode mectromca. Lenirgrog,
7~

¥ith s °athode of biamuthvailverwcesium ig determined_by the

particularities of ity Speotra] characteristic (figoi)g &) A

Dinigtyre wultiplier with g semitransparent Cathode o antsi..

monyocesium Va5 workegq out for the applicatjon in g Poriabla

device, £) a further multipligp with a Lasgivg antimonyecesium

Cathode hag 4 latera) optical entrance (Rer 1), The trpes o)
P i f.

Finally the stability of the FEU ig discussedf which wag in.
Ye8tigatag by the uthorg, In "the discussion of thig abstraey
Participateq G. g, Vil“dgruba, and N, g, Khlebnigy Thors
are ¢4 i‘igurersD 1 %able, ang 1 rex‘erenoeg‘whioh ig Sovies

. Carg 2/2
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50V/48~22-8-18/20
AUTHORS: Berkovskiy, 4, G.; Leyteyzen, L. Go; Poliskiy, V. G.
TITLE: Industrial Photoelectronic Multipliers With an Improved Time

Resolution and Strong Ouiput Currents (Promyshlennyye foto-
elektronnyye umnozhiteli g uluchshennym vremernym razreshenivenm
i boltsghimi vykhodnymi tokami)

PERIODICAL: Izvestiya Akademiy nauk S3SR, Seriya fizicheskaya, 1958,
Vol. 22, Nr 8, pp. 1002 - 1004 (USSR)

ABSTRACT: In the conference (Ref 1) last year preliminery data on the
new 13~cascade multiplier (Fgy =photcelectronic multiplier =
FEM) were communicated. Thig derice sérves for the investigation
ot nuclear processes with a fayt sequence, The investigations
of the parameters and of the characteristica of the FEM~33
recently carried out ty the guthors yield=d the following
results: according to the technical assumptions the integral
sensitivity of the cathodes of the FEM-33 a5 well gs of the
FEM-29 should not be below 30u A lam-1. The meen integral ,
sensitivity of the muliiplier cathode which wag developed in

Card 1/3 the last tWo months amounted to 40p A In™? | The dependence

_1"
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SOV/48-22-8-18/20
Industrial Photoelectronio Multipiiers With an Improved Time Resolution and
Strong Output Currents

of the amplification of tha supply voltage of thres specimens
of the FEM-33 are given in figure 2 {continucus curves). For
comparison the characteristics of three 14~cascade multipliers
RCA-6810 are given with dotted lines. These curves were taken
under the same conditions. Measurements of the amplitude re-
solution of the FEM-33 showed that it is by no means inferior
to other FEM's. The noise_level of the FEM=-33 according to the
soale of the NaJ~(11)«Cs'37 15 of the order 3 - 4 keV (at a
counting rate of 50 pulses per sec). The classification of 50
specimens of FEM-33 according to the pulsed output current is
given in figure 3. The weakest currents equaled 0;3 A; the
highest about 1 4. Investigations of the linearity of the
output currents at a voltage of the order of 4 kV showed that
on the average the FEM-33 operate linearly up to 0,5 A. The
deviations range from 0,4 to 0,8 A (Fig 8). The width of the
coincidence curve of g specimens of FEM-33 with a erystal and
¥ith a preparation Co®0 in the coincidence cirouit is between
the limits of 2 to 4 microcoulomb . sec (at a counting efficiency
Card 2/3 of 50%). The data obtained by oscillographs showed that the
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Industrial Photoelectronic Multipliers With an Improved Time Resolution and

Strong Output Currents

pulse rige times approximately equal from 2,5 to 3 mioro-

coulomb.gec and their general resolution is somewhat above
10 miorocoulomb.sec (Fig 5).

There are 5 figures and 1 reference, which is Soviet.
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AUTHORS: B vskiy, A. G., Breydo, I. Ya., Glukhovskiy,; B. M.,
' Korol'kova;0s—8., Leyteyzen, L. G.; Tarascva, Ye. I.

TITLE:

PERIODICAL:

ABSTRACT:

Card 1/3%

Data Concerning Industrial Photowlectrenic Mult:pliers far
Seintillation Speotrometers (Novyya dannyye o promyshiennykh
tipakh fotoelektroanykh vmnezhiteley dlya stginitiliyatsionnykh
spektrometrov)

Iz2vestiya Akademii nauk 835R, Seriya fizizheskaya, 1958;
Vol.22, Nr 8, pp. 1005 ~ 1008 (USSR)

At the 7th A1) Union Confersnce on Nuelear Spectroecspy the
basic features of new FEU 'photoslectronis multipiier = FEM)
types for spectrometry were vommunicated (Ref 7o In this paper
the authors give new dais on ea-lier devaloped FEM types, which
are already in industrial production; and on new FEMfs the
development of which was tsrminated in 1957, In that year the
mass production of the basia type of the spectrometera, the
FEM-29 was atarted. As a result of the investigationsa, ihe
types were arranged according to the voltages in the firss
cascades of the multipliers whish guarentee a good amplitude

APPROVED FOR RELEASE: 06/08/2000 CIA-RDP86-00513R000204930002-1"
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Data Concerning Industrial Phetoelsctronio Multipliers fer Seintilila<ion
Spectrometers

resolution. As the problem arose whether it would be pogsible

to produce spectrometers FEM with ga better'resolution; t was

attempted to produce spectromeiers FEM with muitialkall

cathodes (as, for exampls Sb-Na<K- or Sb-Na-K-Ca cathodes)

(In figure 3 the sharacteristics of these cathcdes are given).

The FEM-24 went into series production in the last year (Ref 1).

The authors carried ocut experimenis with good Erospecis with a

multiplying syatem wish torcidal dynodes sf Al-Mg-ailoys. One

of the new types of midgat gpeciromeiers FEM s described as

follows; cathode diameter 25 1, maximum scoket dfametes

34,5 mm, length 110 mm. For Prectisal operaticn the muliipliser

is equipped with a high-resgistancs polentiometer, From the tabls

.can be seen that ths resolviion of these multiplisra is of the

same order as that of FEM-29. The baaigz features of the deaign

of the FEM-31 are glven in referencza 3. The spectrometric re-

solution of the FEM-31 which was measured with a crystal with

& diameter of 14 mm was within the ldimits of 8,5 ~ 11%. An FEM

with a large cathode (diameter 300 mm) was developed for work
Card 2/3 with liquid synthetic scintillatora. (Antimony-cesium cathode

CIA-RDP86-00513R000204930002-1"
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Data Concerning Industrial Photoelectronic Multipliers for Scintillation
Spectrometers

with a sensitivity better than 20y 4 lm'1, multiplier sen~
sitivity at 2400 V better than 10 A 1m-1 y teroldal dyncdes
of Mg X alloy). An FEM with a bismuth-silver-cesium cathode
wag aescribed in reference 3. These multipliers give a good
amplification. The amplitude resolution of 10 speoimens of FEM
with NaJ-(T1)-orystal with a diameter of 20 mm and with

5’7 was within the limits of 12 - 14%.

There are 5 figures, 1 table; and 3 references which
are Soviet, : :
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HER |
KOVSKIY, A, G., Candidate Tech Soi.(dise) == "Photoslectronte mltipliers for
investigating time-sorrelated procesees", Moscow, 1959, 16 PP (Min Higher Rauc

USSR, Moscow Order of Lenmin Power Engineering Imst), 150 copies (RL, o 24, 1959
134) ’
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7,430 (3101,2301,380/, 3oo/,l'°‘/) E032/E514

AUTHORS: Berkovskiy, A. G. and Pol'skiy, V. G.

TITLE: A Study of the Time Resolution oftPhotomultiplier§5Using
the Oscillographic Method

PERIODICAL: Radiotekhnika i elektronika, 1960, Vol.5, No.9.
pp.1475-1477 + 1 plate

TEXT: A description is given of a method of measuring the time
resolution of photomultipliers using a fast oscillograph and periodic
light flashes of nanosecond duration., The oscillograph employed was
described by Pol'skiy in Ref.l and the light flashes were obtained by
spark discharge. The flash repetition frequency was adjusted to a
few hundreds of kc/s and the time base of the oscillograph was
triggered by synchronizing pulses from the flash generator., For each
photomultiplier optimum supply conditions were first determined,
giving rise to the maximum pulse amplitude. The slope of the leading
edge of anode pulses - S and the amplitude of the pulses were
measured. The length of the leading edge was defined as the 10%-90%
rise, The slope S was defined as the amplitude of the pulse
divided by the length of the leading edge (in units of mA/nanosec).
Thirty QSY -3% (FEU-33) photomultipliers were investigated. The

Card 1/3 ' :
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5/109/60/005/009/027/030/xx
E032/E514

A Study of the Time ReSolution of Photomultipliers Using the
Oscillographic Method

the amplitude wag found to 1je between 0.3 and 1,3 A and in 75% of
them the amplitudes were between 0.4 ang 0.8 A. The output pulse
amplitudes for the other photomultipliers were roughly within the
same limjtg, The measured Pulse length ¢ (measured at the base
of the Pulse) ywas found to be: 20 nanosec (FEU-33), 100 nanosec
(FEU-ll), 40 nanosec (FEU-13), 30 nanosec (RCA-5810A), 20 nanosec
(RCA-6342) and 6-9 nanosgec (special pPhotomultipljer with time
sSpread Compensation), In the latter case the leading edge slope
was found to be koo mA/nanosec on the average, The spread in the

(s = 200 mA/nanosec), In the case of the FEU-33 photomultipliersy 4)(

cathode, The results obtained for the time sSpread are Summarised
Card 2/3 ‘
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A Study of the Time Reaolution of Photomultipliers Using the
Oscillographic Method

in the following table:

» llTri - ro. Nanosec | »
Type FEU - r=1% mm ¢ 2 17.5 mm 7T 21 mm
FEU.33 - 2-3.5 - -
FEU-11 l.0 4.0 k.5
FEU-13 1.2 3.5-5.5 6.5
RCA-68104 2 4 5.5
RCA-6342 2 2.5 3
FEU with time Spread
Compensation 1.0 1.6 -

The Photograph facing P-1476 shows °scillograms of the output pulses
a - calibrating signal, T=09 nanosec; b . photomultiplier with time
Spread compensation; ¢ - FEU-13; q . FEU-11), Acknowledgments are
eXpressed to v, K. Voytovetskiy for advice and discussions,

Thers are 1 figure, 1 table and 1 Soviet Teference,
SUBMITTED: December 2, 1959
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AUTHORS; Berkovskiy, A. G., Breydo + 18., Korol'kova, 0. §,,
TITLE: ’ Some'Characteristics of New Photoelectronic\Multipliers
4

PERIODICAL: Izvestiya Akademii nauk SSSR. Seriya fizicheskaya, 1959,
Vol. 23, No. 12; ppe 1517 - 1519

TEXT: Two new types of photoeleotronic multipliers 3y -35 (FEU-BS) and
$3¥-29 (FEV-29), as applied to scintillation spectrometers, were worked

out by the authors, Full particulars are given of FEU-35, less of

FEU-29. The cathode diameter of FEU-35 is 25 and 34 mm for 108 mm length, //

(ef. Fig.1) is applied. This cylinder permits better combination between
the axial-symmetric inlet of the multiplier and the inevitably asymmet-
rical first cascade of the multiplier system. The new inlet system
secures a good energy resolution. As much ag 600 FEU-35 devices were
checked for amplitude resolution (Fig.2) and for the amount of the
energetic noise equivalent (Fig.})° Fig.4 illustrates the average

2_1"
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Some Characteristicg of New Photoelsctronic

Multipliers

8586 |
S 048/59/023/b12/boa/b09
B006/B060

amplification and the sensitivity of the multiplier as well as the de-
pendence of the dark current on the supply voltage. *The linear depen-

dence of the output

signal amplitude on the

Y-quantum energy ig secured

up to amplitudes of the magnitude 10 v for 50 kx Q2 and 10 pF. The sengji-

tivity threshold ig about

(6-8)°10-121m for a resonance amplifier band

width of 20 cycles and for g Tesonance frequency of 80 cycles. The
second multiplier (FEU—29) suitable for Y-8pectrometry has a cathode

with the dimensiong 38+48.190 mm.
With 705 -

Ita amplitude resolution is given
0. It exhibits an éspecially low noise level (1 - 2 kev)

permitting measurement of the change with time of the Cs137 photopeak

of the record chart of the photopeak amp
4 FEU-29 multipliers. The horizontal mul
the vertical one was 30

Pulse amplitude g

Card 2/3

by means of a NaJ(Tl)-cryatalv This device consisting mainly of a
Fig. 5 presents the rhoto of one part

litude stability of 09137 for
tiplying factor wag

0.4% of the

mirutes. Displacement with
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8/048/60/024/03/19/019

B006/8014
AUTHORS : Berkovskiy, A. G., Pol'skiy, V. G. -
TITLE: Dependence of the Amplification of Photoelectronic

Multipliers on the Amplitude of Pulses and the Time
Intervals Between Them

PERIODICAL: Isvestiya Akademii nauk SSSR. Seriya fizicheskaya, 1960,
Vol. 24y No. 39 PPo 377"379 :

TEXT: The article under review was read at the Tenth All-Union Confer-
_ence of Nuclear Speotroscopy (Moscow, January 19 - 27, 1960). The

dependence of the amplifiocasion of photomuliipliers”on the mode of pulse
operation leads to considerable difficulties in the case of certain
energy measurements, In order to be able to estimate the erroras arising
within a large range of the counting rate, the authors developed a
special apparatus to be used for the investigation of photomultipliers
(above all, such of the type FEU-33)., Fig. 1 shows the principal circuit
diagram of the apparatus, which is desoribed by way of introduction. The

Card 1/2 vE I8
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Pliers on tp 5/048/60
Between Thep ulsee and the Time ;ntervala 3006/4014/024/03/,9/019

uls of the nan
(2 units), m“..:aa%(m"au tod on” ::non:” ppguh“ > ca::::d:;t%e
The feed voi{“‘é SA-6810 szl':'}.f(l'o un orval
°ltags wa 5 R84-601087(1 un1 ), pas RSA-pr1t8), FEU.17 5%

+ No rel )
und on PEy.| a:da;;ona;ip botween amplﬂudz ::éts |
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28534
* ‘ 5/109/61/006/009/017/018
9,3140 (adse 1150, 1%/, 3702) D201/D302
AUTHORS : _Berkovekiy, A.G., and Tszya Gao
TITLE: Electron focusing in a cathode system of rhoto-elec~

trop multipliers with semi-transparent cathodes

PERIODICAL: Radiotekhnika i elektronika, v. 6, no. 9, 1961,
1588 - 1590

TEXT: 1In the present article the authors prese‘t certain analyti-
cal and experimental data on the electron optical propertieas of
photomultipliers. The authors state that in their opinion ehe elec-
tron optical (focusing) properties of a system in FMg. 1 are deter-
mined by two dimensionless parameters p = D/d and g = D/h, where

D - the diameter of the cup; d - diameter of the photoelectron beanm
in the plane of diaphragm ?the_diameter of the input window of the
diaphragm); h - distance between the plene of the cathode and that
of the diaphragm. In designing a photomultiplier, Py and hence qQ,

ie given. The funotion p = £(q) can be determined from an electro~

Card 1/5 | | X
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Electron focusing in g cathode ...

lytic tank analogue of g
ing 4 in

used such a model
de and the moving

Since the diameter of
8lightly smaller than D,
The function D=

System with different
every variant from the electron trajectories.,
in the shape of g cup,
1id represented the diaphragn.
were made fronm Stainless stee}, The inner
the working surface
the cathode diameter was cho§en D, =

253l -
S/109/51/006/009/017/01Q
D201,/D302

9's and by determin-
The authors
whose botiom wag the catho-
The electrodes

cup dismeter

photoelectrons emitted with zero initial velocity Vo = 0y curve 2

P=1+21902 (q - 0_7)1.9687-35(q-o.7)’

whose graph is shown by the broken line,
real working conditiong of a photomultipl

Curve 2 is nearer to the
er.For this curve qopt &
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. ' 2853l
o : 8/19;/61/306/009/017/018
Electron foousing in & cathode ...  D201/D302 ‘ :

émall‘that the electron emitted from the ends of the cathode at

45° reach the cup which means that the effective working diameter
of the cathode is smaller than the chosen one, Comparison of cur-

plane of the diaphragm. There are 3 figures and 3 references; 1
Soviet-bloc and 2 non-Soviet-bloc.

SUBMITTED: January 28, 1961

" card 3/5
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PHOTOMULTIPLIER WITH HIGH TIME RESOLUTION (USSR}

wvskiv, A, G.

Radiotekhnika i elektronika, v. 8, no. 4, Apr 1963,
708-712,

5/109/63/008/004/023/030

In order io reduce the time scatt
in the $2¥-38 photomultiplier,
made sph

ering of photoelectrons from the cathode
the inner surface of the cathode glass is
erical, and the accelerating electrodes are positioned between
e diaphiragm and the cathode. The diaphragm potential is applied to the
Irstfccusing cylinder, and the second cylinder is co
dvnode inside the bulb.

nnected to the third

The beveled edges of the cylimders, directed to-
- R, »

ward the ciaphragm, produce a small lateral photoeleciran gh

B which
LTEroves ‘e collection of secondary electrons from the 7irse cyrode.
:iput sizge of the 8OY-36 uses cn electron mirror and ar. accelerator
The eleciron mirror reduces pulse duration by 20% and increases

Card 1f2
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AUTHCR: @g_):_t:_xgsgx, A, Q.) Gusel’nikov Y.

TITIZ: Photcaultiplisva vith toroidal emi

SOURCE: AW ssexn

TOPIC TAGS: multiplier,

no accelerating 8rilds, vhich results
secandary-electron transi
emitter and 0.81

three sizes of cathode, 90, 100, and 150

t-time spread of 0.

Oy ‘2and the

 Experinentz shosed that the

cathodes is greater than that of the other
arproximately 109, while thator the latier

Card 1/2
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s Izv, Ser.#,va fizichcskaya_, #. 27,
secmisyy exission, toroidal emi:

, oI otonult z)liersruemzing 2 toropidal mldinlying
- with 13 mplification stages has been develoregd,
(at o stage voltage of 2

pazosec fram internal to axtarnal

Plate zensitivity of the inss

8/0048/63/027 /00 /0932 /o025

G.; Shapovalov, 7. ve. T
TUo——Ane B onupovalov, 7. Ye.

C tters [XIIT yezhegodnaoye sovenhchaniys
Po yadernoy speltroakopil (XXX Anrual  ©

onference on Huolear Spectrescomy),
held in Xiav fram 25 Janwary To 3 February 105 £3 )

no. 7, 1953, 932-936

-
ver

-
The multiplying systen ¢

50 v) in s me ;
¥tereal to internal

Fhobauuitipliers with

95 Banosec frem 2

B e, 20, = dn-dmeter, vere coustructed; the -
mw&ums anl

emitters of an Al-¥Mg-si alloy.
saments with S50-mm

o types; the galn of the former ig
is approtimately 103, Toroidal
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TE T

L 11118-43
ACCESSION HR: AP3003699

multiplylng systems are ssid $o have the follesring advantages crer othes
tems: 1) large- area of the input aparturs of the diaphress whiey fa.
E‘hotoelactron collecticn o the first enitter; 2) la.r?;r -'5*1;&""::‘»: ‘
then other types of devices of the peme size; 3) Ebsence of s":'y—:;:
at hisher power-supply voltasges lead to the occurrence of ;.:x ;‘;Aﬂ:%
campoaent of the dark current; and 4) positioning of sll the bracies

Y’.'h_icn are cme pessible cause of wnstable Pictamultiplier c‘;;erﬂf;r*;; :
#icde of the tramsit space, Orig. art, has: 5 Pigures and 2 tableév

bl
ot |
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ASSOCIATICON: none
. SURMITTED: 00 DATE ACQ: 02Augh3 ERCL: 00
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K

L.11301-53 - EEC(b)-2/RIS=-AFFTC /28D

AC—CIBSION AR AP}OOjTOO 5/00)48/63*_\2-7 ."O,:v— ~217 'nozo
AUTEOR: Berkovekiy, A, G.; Filimonova, T, A. -~

TITLE: Rew miniature Photomu: ¥
tipliers [Report 5
Fuclear Spectroscopy, held in Klev, 25(\720_2 ;:bﬁwj;g%jzth Axusd Conference on

ABSTRACT: -
» The FEU-60 Photomultiplier, designed for use as am intracavity-t

SOURCE ; 3
AN £3SR. 1Izv, Seriya fiz:lcheskaya, Vs 27, no, 7, 195% 937-929

TOPIC TAGS: photomultipl imo
: ier -
counter, box-typs mltiiher.: antimony-cesium cathode, dosimeter, seintillassoy

se !
intillation counter in medical dosimetric equipment, s descrihas

chg :::? isga;ﬁ (dimensions of the FEU-60 (external dfemeser 15 e oo . "o
is provided 3:1;52 cojixilized in other portable equipment. The photcsis
vorking surtues (Sgecial balfle~-plate screens, which are extegs!o;:,:::-.‘ v
gap (in éz'id-t 'b: Fig, 1 of Enclgsure)- Due to the eliminat;on-c;"avth

the eliminationyPZf w:lggztcm: vhere optical snd ionie feedback can eppear) ;m.'j

high voltages. The s}’stemgmdfiszgeogp iega:igf;f the FEU-60 15 steble ~;'én:;t ;
weasurements, sn incandescent lmmp with s colorag.mgziigrzmiztgggﬂv 3;2135&)

Cord ) /3 .
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Minimm anode sensitivit
» ¥ 18 30 pemp/lumen=3 at gn
be achieved at voltages which U6 not excesd 14 » agplériiitio;a:f 19 6"1 and can
4 1600 v, Orig. L. : & figures,
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BERKOVS¥;¥£mﬁ:9:; GUSEL'NIKOV, V.G.; DUKOR, S.G.

il AT e a0

Parameters of phetoslectronic miltipliers with toroidal emitters
and a cathode diameter of 50 mm. Izv. AN SSSR Ser. fiz. 29 no.2:
331 333 F 165, (1IRA 18:3)
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SOBOLEVA, Nins Aleksandrovna; HERKOVSKTY,. Arkadiy. Gr \ !
A BOAY.. T rye H
CHEGHIK, Noson Osherovich;TELIGEVEV. Reyegerry . ~-  F
Yevgen'yevichy ZERNOV, D.V., red,; CHEBOTAREVA, A.V., red,

[Photoelectronic instﬁunenta] Fotoelektro
e pribory.
skva, Nauka, 1965. 592 p, nm(ergA 1832) Ho-
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BQERKOVH §KE I‘Ir l>= AgGo! _iDZh.
"Start-Pilot" e
under cold we

quipment for speedy starting of engineé
54=55 D 164,

ather conditions, Transp,stroi 14 no,12
(MIRA 19;1)
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BERKOVSKTY, A.G.3 GUSEL'NIKOV, V,G.; ONUGHIN, AP,

Photoelectric multiplier with toroidal emi
emitt -
Prib, 1 tekh.eksp, 10 no.5:201-204 5-0 165, (m1-30).

(MIRA 1921)
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1 ACC NR: APo013512
AUTHCR: Berkovskiy, A,G,; Gusel'nikov, V.G.; Pankratov, V.H.
ORG:  koscow Electric Lamp Works (Moskovskiy clektrolampovyy zavod)

T TUR/0120/66/000/542/0123,/0128 ]

TITLE: Photoelectric multipliers with large diameter cathodes and a toroidal
nultiplication system :
SOURCE:. Pribory i tekhnika eksperimenta, no, 2, 1966, 123-128

- +TOPIC TAGS: photomultiplier,

‘ ' toroidal multiplier photomultiplier, photomultiplier design/FEyY ~ 65
phctomultiplies, FEU ~63 phctomuitiplier '
STRACT: Design features and performance characteristics of improvecd photomultipli-
.ers are discussed, These photomultipliers, with large cathode diameters and toroidal
zi*- -shape multiplication systems are represented by 'the recently introduced production mo-
7| dels FEU-63 (cathode dia., 100 mm) and FEU-65 (cathode diameter 150 mm), Design appro-|
ach, constructional details, characteristics and results of tests are presented, The
toroidally shaped multiplication system comprises emitters, potential shaping surfa-
ces etc, generated by rotation of suitable profiles around the enclosure axis. With
the electrostatic system of focusing used, this approach has the advantages of 1) lar-
ge working surface, 2)absence of sharp corners and edges generating dark autoelectro-
nic currents; 3) absence of electron dissipation 4) absence of structural members in |___
the electron path 5) rigidity and 6) a large area of the diaphragm entrance, During -
the design stage, the emitter and screen profiles were modeled in an eletrolytic ana-|
log bath and on electronic trajectograph. The cathode integral sensitivity is around :
40 - 55 pa/lu, The maximum dark currents at an anode sensitivity of 1000 a/Im

Card 1/2 - ' UDC: 621,383,533
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ACC NR: AP6013512

are 50 - 100 MHa.  Uncertainties in thru-flight time were under 1 nsec, The time Iéw ‘
solution for two tested FEU-65's was 3 nsec. The very good performance of these phow:
tomultipliers permits their use in certain nuclear physics research projects., They '
have a high time resolving power. (several nanoseconds), a high amplification factor
( around 10%), and a wide range of output signal linearity (up to 1 a), Orig. art.
has 6 figures and 1 table,
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. |
Cord 2/2 ' L l

_1"
APPROVED FOR RELEASE: 06/08/2000 CIA-RDP86-00513R000204930002




-1
"APPROVED FOR RELEASE: 06/08/2000 CIA-RDP86-00513002049300 -
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i;; SOURCE: Ref, zh, "th].os‘-’. i 1“3!‘1‘0 tekhn, Otd. v‘pug Abs, 5032011?0 - \'

AUTHOR: Leyteyzen, L. @.; Glukhovekiy, B. M.; Berkovekiy, A. a.
w

{ - B .
. i} TITLE: Chafactbrietico of new types of mltiatago photomultipliers for
i| scintillation spectrometers

' CITED SOURCE: sp, Steintillyatory® 1 stsintillyate. materialy*, Khar'kov,
i| Khar'kovek, un-t, 1963, 217-220 . :

B TOPIC TAGS: scintillation spectrometer, spectrometer, scintillation counter,
photomultiplier, multistage photomultiplier

ge- photomultipliers,
i1 which will ve used in oocintillation counters and spectrometers., The main character-
- i dstic of the new ‘types of photomultipliers is the wide wavelength interval in which -
| their photocathodes are oensitives antimony-cesiun(rru-37), antimony-cesium with |
;| quartz window (FEU-3¢), multi-alkali (FEU-38 ana Fru-s51), Spectral responses of
. “ these photomultipliers. are glven. Three illustrations. Bidbliography: 1 o
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AUTHOR: gg_'%\'gz‘sggi_g:‘ é,; Gusel’nikoy, V. G'.(:‘Onucbin, A, P, 4 3 /’é!,

ORG: Moscow Electric Lamp Plant (Moskovskiy elektrolanpovyy zavod) ’)L;@"{/_

TITLE: Paotomultipliéﬁfigzi toroidal emitters (FEU-30) -

SOURCE: Pribory 1 tekhnika eksperimenta,
TOPIC TAGS:

no. 5, 1965, 201-204

, photomﬁltiplier, photomultiplier tﬂb%,;hotoelectric detection systenm

designated ‘the
ucket-shaped toroidsi dynode
€r stages {see Fig, 1),

ABSTRACT: A new rhotomultiplier tube,
principal festure is the b

screen used in the mltipli

FEU-30, is described, The
and associsted reflecting
This configuration has several

Fig. 1. Multiplier stages

S

JCord 30 * “""““““"‘““*—-T : A

UDG: 621,383,200
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[ Acc Nm. apsoziost ' - ' D)

advantages over conventional dynode designs, including maximum emitting surface per
volume, large input aperturs to the first stage, ond absence of edge scatter in the
electron beam. The 14 dynode elements are mounted and spaced by glass supports in

en envelcpe 57 mm in diameter and 180 mm long. The dynodes are constructed of an
Al-Mg mlloy; the photocathode is Cs-Sb. The FEU-30 responds to the 3500—6000 &
region and at an cpersting volisge of 3—3.5 kv attains s multiplication factor of
109. Some circuit details and a calibrating technique are included in the discussion.
Orig. art. has: 3 figures and 1 table. R [sH]
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Barkoyskiy, A.M, N

AID P - 2433
Subject : USSR/Electricity

Card 1/1 Pub. 26 - 32/33

Author s Berkwa@
N - i

Title . Use of selenium rectifiers in excltation circuits of
large synchronous motors

Periodical : Elek sta 5, 62, My 1955

Abstract : The system of excitation of circuits with selenium

' rectifiers recommended by the Allis-Chalmers Co. is
described in detall. One drawing and 1 dlagram. Two
1954 American references.

Institution: None

Submitted : No date
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AID P - 2831

with interior cooling of operating

Je 1955

/';:))1." (1—7 o1t /5}\ ;/ »’—/" /:)['{
Ve N AN AN % ) ~ 1 ‘/ { LS i
Subject USSR/Electriclty
card 1/1 Pub. 27 - 20/30
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The author summarigzes three articles on this subject which
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’ 2,) Candidate of Teonnical science GALONEN, YU. M.
3,) Engineer KRAYZ, A. G.
TITLE: 1.) The Operation of Turbogenerators with Hydrogen Cooling.

(Rezhimy ekspluatatsii turbogeneratorov 8 vodorodnym okhla-
zhdeniyem. Russian).
2.) Municipal Rail Eleoctrotransport Undertakings Abroad.
(Goredskoy rel'sovyy elektrotransport za rubezhom. Russian)
3.) Gasfilled Pransformers.
(Gazonapolnennyye transformatory. Russian).

PERIODICAL: Elektrichestvo, 1957, NT 5, pp 83 = 90 (U.S.S.R.)
Recelived: 6 / 1957 Reviewed: 7 / 1957

ABSTRACT: 1.) A general survey and a special description of the research
: done by General Electric of the U.S.A. and Al'st of France (with
5 1llustrations, 1 table).

2.) The present condition of subways and atrestcars secording Yo
foreign models of the 1ast four years and the new sypes of high
gpeed railways in the U.S.A. and London (with 2 jllustrations
and 5 tablesg
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TITLE: Mastering the Production of Electrical Equip
-vo SSSR za 40 let. M.-L., Gosenergoizdat,

A. M., and Grinshpun, P. K.
ment

PERIODICAL: V sb.: Energ. str
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ABSTRACT: Bibliographic entry.
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AUTHOR

. TITLE:

PERIODICAL:

ABSTRACT:

S S0V/105-58-11-22/28
Berkovakiy,_ Ad. M., BEnginesr :

New Eiciter?SyateﬁE forfﬁlternators (Novyye sistemy vozbuzh-
deniya sinkhronnykh generatorov) :

Elektrichestvo, 1958, Nr 11, pp 88-90 (ussr)

This is a review of the two patents:

1) USA, Nr 2, 773 233,04.12.56, Marcks, Donald F., Westinghouse
El. Corp.

2) German Federal Republic, patent Nr 962912, 02.05.57,

Locher und S8hne G.n.b.H. There are 4 figures and 2 ref-
erences, ' ' .
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Calculating the effect of inhomogeneities on the lipht regime of
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: AUTHORS ; Stepanov, B.I., Ivanov, A.P,, Berkovskiy, B.M,,
: Katsev, 1.1,
TITLE: The transfer of radiation in a plane Parallel layer
in the approximation of nonlinear optics
PERIODICAL: Optika i spektroskoplya, v.1l2, no.4, 1962, 533-536 \)%“
TEXT: The problenm of the transfer of radiation in 4 Plane

absorption coefficient for dense radiation, The calculationg are
for monochromatic radiation (fiux So ) Propagated normal to the
surface of g layer of thickness L. On account of multiple
reflectionsg between the boundary layers there will be two fluxes
Sl and So in Opposite directions at any point x jn the layer.

An expression for the absorption coefficient 1s derived
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S/051/62/012/004/015/015
5

The transfer of radiation ,,, EC39/E48

;ight field and a the nonlinear parameter (a' ) 0), The problem

is only con51der§d for a particular case which allows an easy ‘
analytical solution, namely by putting So equal to zero, V7L’

considergd and.equations derived for the absorption coefficient Xk
and the intensity of radiation Sucn escaping from the layer,

_ k
k = o ‘ (16)

1l + avu* 4 a(S; + S5)

and

= 2+ avu®™) 1np oyt
Sucn = - P (17)

wher? r is the coefficient of reflection and v is the velocity
of light, _ It follows that the condition for radiation from the

- layer is
Card 2/3
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5

(18)

o c d  displace -
he region of greater IkoLi or r f the J%‘ T
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AUTHORS ; Ivanov, A, P., Berkovskiy, B. M., Katsev, I, L. . )
TITLE: Reflection and ?ra'nsmiasion of a plane-parallel layer in the i

soope of non-linear optics
" PERIODICAL: Inzheneéno-fizicheskiy zhurnal, v. 5, no. 10, 1962, 58 - 64

PEXT: The subject of investigation is a piate of thickness 1 and of small _'7/" '
: luminance characterized by the absorption coefficient ko and the +«""a ¥

reflection coefficient on the face r. A luminous flux So is incident

perpendioularly. Owing to multiple refleotion there exist internally two PR <
kinds of flux at any. point x:s1 moving parallel to the incident flux, and :

‘32 moving in the opposite direction. These are described by the
i« differential equations ds, = -kS dx, dS, = kS,dx (1) with the boundary
1 1 - -' ) . =
! conditions S1(x-o) Sﬁ(l r) + rsz(x-o')’ Sz(x-l) . rS1(x_1) (2). The

absorpiion coefficient can bve expressed by k = k /1 + a8, + 8 ), whare
Card 1/4 © A 2
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» 8/170/62/005/010/004 /009
Reflection and transmission... B104/B186

the parametersof non-linearity o and ko are assumed to be constant with
Tespeot %o depth., The system (1) is solved by

3
™~

C xS, | . C
InC,a S, +a8, —-Z1_ _ , In—=% Sy — L .-
PR ES as, hox c,c,+°", as, o (4)

and the relation 8,5, = (:1/012 can be derived additionally from (1),

stating that the product of two oppositely directed fluxes is constant at
any depth. Hence the reflection coefficient R is obtained by

R =G~

.

r. )
, aS,A +. ()
and the transmission factor T by l—r .
: : Te—x/ G S (9).
0 r.

On the basis of these formulas the light field was studied inside and
outside the medium. For the region where ko is positive R and T are

caloulated by Re=r (=rrexp(—2k)) T (‘1—;r)‘exp'(—_-k,,l) (+0)
—_ RCIE R s

’
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Refleciion and transmigsion.., B104/B186

: for the condition aso<<1, and by R 2r 2r
1 Atr a8 (141 &,
, ' - l__r ‘ .
T _ 1
: ' 147 aS, ol : 7
- for the coudition “3;; 1, PFor the region of negétive values of* ko,
| T R 2SI (1= 1) WS — gty |
s | S TSk —a S, (1— ) "

7= L= kfaS, — (1= (250 — r (g1
. 85, [20fr —a S, (1— 1))
holds for high luminances. At high values of r the energy density .
¢ .distribution in the plate ig virtual_ly constant. At small values, thig

distribution hasg g ninimum in PMe interior of the plate whioh vanighes
" 1f r->1, . There are 4 figures,

ASSOCIATION: Institut fimiki AN BSSR, g. Minsk (Institute of Physics
AS BSSR, Minek) :

()

(14)
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Reflection and transmisaion... g{gz%?géoos/om/ow/oos
.~ SUBMITTED: January 13, 1962 |
5 - Card 4/4
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"0V, A.Po; BERKOVSKIY, B.M.; KATSEV, I.L,

Calculation of the radiation of a light-scattering layer within -
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TITLE: A cl,as‘sof gelf-similar boundary layexr prodlems for rheological
pover law fluids ' R

SOURCE: AN BSSR. Institut teplo- 1 massoobmena Teplo- 1 massobmen teli
8 okruzhayushchey gazovoy sredoy (Heat and mass exchange of bodies with
the surrounding gaseous nadium). Hinsk, Nauka i Tekhnika, 1965, 25-~60
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ABSTRACT: The equations of flufd motion for fluids obeying the rheolog-
ical power lav are exiremely complicated and do not yield solutions even
in sipple cases. It is therefore desirable to consider reasonable s5im-
Plifications of the initial problems. Among such possible slmplifica-
tions are the asymptotic cases of very rapid or very slow motlions, when,
as a rule the viscosity or inertia terms respectively can be neglected
in the equations... The Buccess of the boundary layer nypothesis for
classical Newtonian fiuids, which can bs regarded as a speclal case of
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| Theological power-1aw; ’
”f‘thesis'would“alsovbbiuseful fo
flulds in their rheologlcal properties.

for pseudoplastic and dilatant fiuids.

approach in the article imclude:
unstsady siate boundary layer,
free and forced convection,

which the mathematical basis
Orlg. art. has: 128 formulas,
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T materials which are close to Kewtonian
class of self-similar problems involving

by the same method and include as specia
E -} {Simllar probiems involving Newtonian fluids,

- the steady state boundary layer, the
the thermal boundary layer, simultaneous
and free convection.
¥ith two examples of ealculation by thls method an

of the method is expended and generallzed,

hat this hypo- -

& supposition

The article surveys a wide

the boundary layer equations
These formulations are obtained
1 cases certain known self--—.- |-
‘Teples treated by this

The article concludes
d two appendices in
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TITIE: Concerning exchange interactions of pairs of paramagnetic Cr’S ions in a
corundum ,lattice

VIR ] o
SCURCE: VFizika tverdogo tels, v. 8, no. 2, 1966, 589-591

TOPIC TA3S: corundum, ruby, chromiur, paramagnetic ion, crystal lattice, electron
paramagnetic resonance, epr. spectrum, nuclear spin, multiplet splitting

ABSTRACT: The euthors indicate that when the concentration of Cr*® ions in ruby
is high there is a finite probability that these ions will be loented close to one
another, thus giving rise to an isotropic spin-spin interaction, which in turn
leads to splitting into spin multiplsts. Since the levels corresponding to states
with spin 1, 2, and 3 are paramognetic, they can be observed by the EFR method,
since the intensity of the EFR spectrum for the state S = 3 should exhibit a

: larger temperature dependence than for the states S = 1 and 2. This circumstance

© can be used to separate the lines belonging to the multiplet § = 3+ Earlier ex-
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~ | periments did not disclose the lines corresponding to all the transitions belonging =
= to the spin multiplet S = 3. The authors have ‘therefore carried out measurements .
-~ | with parallel. orientaticn at 9,188 Mes, and observed four weak lines at 780, 1681,
207, and 3473 oe, For perpendicular orientation they observed three similar :
~ir ::c with resonances at 2548, 2044, ang 3289 oe. The exchange coupling constants
Yor the spin Hamiltonian arve evaluated on the besig of these lines, and the values
- ¢ the parameters of the spin Hamiltonian are found to be in better agreement with
tre cheoretical parameters of a pair oriented perpendicular to the erystal axis,
- t..an for parallel orientation. It is concluded that comparison of the theoretical
- 8nd experimental parameters of the spin Hamiltonian makes it Possible to determine
- toe orientation of the axis of the pair relative to the crystallographic axis ang
ti.at the observed transitions belong to the multiplet § = 3 of the rair formed by
. the Cr*® fons 1ocated at the nearest neighboring crystallographic axes. Orig.

1

. 8rt. sas: 2 figures and 11 formules.
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